A novel uncertainty analysis approach for radar cross section (RCS) data is proposed in this paper. The wavelet decomposition method is applied to separate the origin data for uncertain feature extraction. Methods of distribution fitting and analysis are studied and data uncertainty distribution characteristics are also compared. Several benchmark cases from RCS simulation are taken to validate the proposed method. The impact of attitude uncertainty on the target RCS is also studied.
INTRODUCTION
Recently, many practical problems with uncertain feature have received unprecedented attentions in the field of radar cross section (RCS) research [1] [2] . In practical applications, uncertainties caused by dynamic targets, system noise, frequency drift, environmental clutter and other factors are inevitable. These not only make significant differences between RCS measurements and numerical simulations, but also result in the non-negligible difference from multiple experiments under the same condition. Sometimes these differences would even result in the confusion to question if results are from the same experiment. This leads to the question about the data reliability of the dynamic targets' RCS, which has also become a bottleneck in RCS research. Therefore, it is very necessary to analyze the uncertainty feature of RCS data, thus optimizing the RCS measurement and improving the reliability of the simulation.
In practice, RCS data can be seen as a superposition of actual values and uncertain quantities. Therefore, extract the uncertainty feature by data decomposition method is one of the direct and effective ways. The frequency domain filtering methods based on Fourier transform are widely used in error separation. However, owing to the fact that electromagnetic scattering physics in optical region the dynamic radar data is sensitive to the attitudes. The high attitude sensitivity leads to the dynamic of RCS data change rapidly [3] . Thus the fluctuation characteristics of RCS data leads to a wide frequency range spectrum. The uncertain quantities are similar to noise and also occupy a very wide frequency. Therefore, it will be very challenging for frequency domain filtering technologies to make a good separation of uncertainty quantity from the RCS data.
Wavelet transform, as a multiresolution analysis method, can perform time domain and frequency domain analysis at the same time, with time-frequency localization and multiresolution [4] . Wavelet transform can accurately locate the point of data on the time axis and can describe its local features on different scales, such as edges, spikes _________________________________________ and breakpoints. These properties determine that the wavelet transform method has a unique advantage over conventional frequency domain filtering methods. It is possible to preserve the data fluctuation while performing decomposition. This paper presents a new method for RCS data uncertainty analysis. The method decomposes the data into estimation of actual value and uncertain quantities based on wavelet transform firstly. It separates the uncertainty information as much as possible, making the estimation as close to the actual value as possible. Distribution fitting and analysis tools are adopted to compare data uncertainty distribution characteristics with more reasonable conclusion.
The rest of this paper is organized as follows. Section 2 introduces the methodology of RCS uncertainty extraction based on wavelet decomposition. In Section 3, the uncertain part analysis based on distribution analysis method is introduced. In Section 4, the effectiveness and feasibility of the proposed method are verified by examples of RCS data. Section 5 draws the conclusion.
UNCERTAINTY EXTRACTION
In the actual application, RCS of complex target is often disturbed by various uncertain factors. Thus the RCS data can be regarded as the superposition of real value and uncertain quantity. Therefore, decompose the data into the estimate of real value and the uncertain component, is one of the direct and effective technology of RCS data uncertainty feature extraction.
Wavelet threshold method, as a popular de-noising method, can basically remove the noise by thresholding the wavelet coefficients, and obtain the optimal denoising effect in the sense of mean square error. In other words, in the wavelet domain the threshold method can be used to filter out the uncertain components of the data to achieve the uncertainty separation of the data.
Ideally, the observation data can be considered as a superposition of true value and uncertain quantities, expressed as
where, 
or according to soft thresholding [5] :
where, t is the threshold, and    ii
where, ˆi x is the estimation component, and ˆi u is the uncertainty component.
UNCERTAINTY ANALYSIS
Under the same uncertain factors, the RCS data uncertainties are often consistent with the statistical characteristics [3] . Therefore, it is a good choice to analyze RCS data uncertainty by using statistical analysis method. In view of the fact that the uncertainty is random statistic, the mean and the standard deviation can be used to describe the average degree and the range of variation. Thus these statistical parameters are adopted to describe the distribution characteristics of uncertainty.
Furthermore, the distribution fitting method can be applied to fit the uncertainty feature as normal distribution, logistic distribution and stable state distribution. These uncertainties are described by these distribution types and distribution parameters.
The probability density of the normal distribution is as 
where  is the mean, and  is the standard deviation.
The probability density of the logistic distribution is as 
EXAMPLES AND APPLICATIONS
To demonstrate the practicality of the method, RCS datasets from dynamic flight simulation are utilized [6] . The RCS simulation results are shown in Figure 1 . The solid line shows backscattering RCS of missile in a flight process, which are without attitude disturbance, as reference data. We add random attitude disturbance model in the original dynamic target attitude series to simulate attitude uncertainty in the flight process. Simulation results with mean attitude disturbance of 0° and standard deviation of 0.5° is shown as the dashed line.
Using the wavelet threshold method described above, the data affected by the attitude disturbance is decomposed into two parts, the estimation component and the uncertain component. As shown in Figure 2(a) , the data decomposed by wavelet is generally closer to the reference data. While the uncertainty component is separated, the original characteristics of oscillation can also be retained in the data, such as data in the range between 300 and 400 points. Figure 2(b) shows the uncertainty component, it can be seen that the uncertainty components are mainly distributed in the range of 2 2dBm  . It indicates that the wavelet threshold method is efficient on the uncertainty decomposition of RCS data. . It can be seen that the location (mean) parameters  of these distributions are around zero, indicating that the uncertainty is fluctuating around zero.
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Multiple repeated simulations are always required for the need of RCS uncertainty study. Table I shows several distribution fitting results of multiple simulations. As can be seen from the results, the location (mean) parameters  of these distributions reflect little change with clustering around zero. Thus attitude disturbances have not significant effect on the mean of uncertainties. In the same attitude disturbance amplitude, the scale parameters (including  of normal distribution, s of logistic distribution, and c of stable distribution) of different experiments have closed values. And when the disturbance amplitude increases, these scale parameters increased correspondingly, when the disturbance amplitude is large, such increment was smaller.
The results from the proposed method reflect the high consistency with the expectation according to the principal of electromagnetic theory. These also indicate that the proposed method can effectively analyze the uncertainty characteristics of the data, and the corresponding conclusions have practical significance.
CONCLUSION
This paper proposes a novel uncertainty analysis approach for RCS data. This method analyzes the influence of uncertain factors on RCS data by means of wavelet threshold decomposition and statistical analysis. The performance of the proposed method has been demonstrated by assessing the target RCS with different attitude disturbances. The impact of attitude uncertainty on target RCS is also studied to further verify the effectiveness of proposed method. This paper aims at proposing a new perspective in RCS study considering the uncertainty interference. As a primary of RCS uncertainty quantification under the complicated electromagnetic environments, the topic and approach introduced in this paper are expected to attract more attentions on the study about the radar target characteristics within more practical backgrounds.
